Upper ocean vertical supply: A neglected primary factor controlling
the distribution of neodymium concentrations of open ocean surface
waters?
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[1] Neodymium (Nd) isotopes are an important geochemical tool to trace the present and
past water mass mixing as well as continental inputs. The distribution of Nd concentrations
in open ocean surface waters (0...100 m) is generally assumed to be controlled by lateral
mixing of Nd from coastal surface currents and by removal through reversible particle
scavenging. However, usirf§®Ra activity as an indicator of coastal water mass in"uence,
surface water Nd concentration data available on key oceanic transects as a whole do not
support the above scenario. From a global compilation of available data, we “nd that more
strati“ed regions are generally associated with low surface Nd concentrations. This implies
that upper ocean vertical supply may be an as yet neglected primary factor in determining
the basin-scale variations of surface water Nd concentrations. Similar to the mechanism of



different factors that control variations of Nd concentration
in open ocean surface waters (0...100 m, with bottom depth
>500 m).
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Given these sites are mostly close to continents, it is likely
that they have been considerably in"uenced by coastal
"uxes, for which it is well known that they are character-
ized by high®*®Ra activities. These fundamental and sys-
tematic differences between Nd concentrations &fia
activities indicate that surface water Nd concentrations
must also be in"uenced by processes other than the coastal
in"uence and which did not exert primary control 6ffRa
distribution. It is noteworthy that Nd concentrations in
high-latitude surface waters of both hemisphe&sldlall et

al., 2008] are actually not lower than in subtropical areas
where particle export "uxes are lower. This characteristic
challenges the role of particle concentration as the major
controlling factor of the global distribution of surface water
Nd concentrations. Instead, we suggest that "ux of Nd from
the subsurface waters is an important source of Nd to sur-
face waters and thus an important mechanism for driving
basin-scale variations of Nd concentrations in the surface
ocean.

3.2. The Supply of Nd From Subsurface Thermocline
Waters to the Surface Layer

[13] Because Nd behaves similar to nutrients as intro-
duced in section 1, a potentially important issue is the
mechanism by which nutrients are transferred from the sub-
surface thermocline waters to the euphotic layer at different
latitudes, which is still subject of considerable biogeochem-
ical debate both in observational and modeling studies
[e.g., Oschlies and Garcgn1998; McGillicuddy et al,
2007;Sarmiento et a] 2004 ;Palter et al, 2010].

[14] In high latitudes, where the surface ocean is gener-
ally less strati“ed than in low latitudes, nutrients are trans-
ferred from thermocline waters into the overlying deepened
mixed layer by a combination of vertical and lateral advec-
tion (e.g., nutrient streams)\illiams et al, 2006; Mar-
shall and Speer



Arsouze et al 2009;Rempfer et a) 2011, 2012b] is an im- accounts for up to 37% of the required surface "ux. More-
portant, even overwhelming source of Nd to the globalver, it is important to keep in mind that extremely high oce-
ocean. Since the exact nature of the boundary Nd sourceaisic surface productivity normally occurs in the continental
still largely unknown, a precise estimation of shallow coastahelf areasHalkowski et al, 1998]. It is thus likely that, due

Nd "ux to the surface layer is dif‘cult. Even if we assumeto the high particle concentration and associated scavenging
that all the Nd from the boundary source (5.510° g Nd/yr on or near the shelves, a large fraction of shelf Nd cannot
following Rempfer et al[2011]) is supplied to the ocean via

the surface layer, the total external "ux from dust, river, and

boundary source (summing up to 6.110° g Nd/yr) only
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